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CCEPARA!l!IVETESTS OF THE STRgNC~H-”Al~”’TIGHTIE-SS

COMMERCIAL lIIXJSHRIVETS OF ONE TYPE AND NACA

FLUSH RIVETS IN MACHINE-COUNTERSUNK

AMD COUNTERPUITCHEDJOINTS

.By Merven W. Mande1

. SUMMARY

An investigation was conducted to compare the

‘CiF

. .

.

. .
strength and ti~htness of machlrle-cowters~ flush-
ri.veted jo:nts assembled wtth NACA flush rivets and one
t~a of commercial flush i“ivet and also to compare the
strength and tightness of councerpunched fiush-riveted
joints assembled w:th the same types of rivet. The
res~lts of the Investigation ~re presented in the form
of Ioad-dlspl.acementc~~ves, which indicate that the
NACA flush-riveted Join’;stended to be somewhat stronger
and tighter than the corresponding commercial flush-
riveted joints. !l%etest results also show that both
the com.mrc.laland the NACA counterpunched flush-rivet
specim,engPad conslderab~y greater strength than the
m.achine-.coun~ersunkspecimens of corresponding sheet
thtckness.

IYI’ROD-WTION

The studies of tightness and flushness of mactiine-
countersunk flush rivets for aircraft described In
reference~ 1 to 3 indicated that the NACA flush-riveting
proc.edvreproduced tha tightest joints for the types of .
flush rfvt?~in:~investigated. As a result or this con-
clwicn~ an investi.gatlonwas ccnducted to determine.the
comparative ti~h?mess of uachl~~e.-co-&ntersm&flush-
riveted joints.asspm?)ledw!.thNACA flush rivets and
com@roial fii~~hrivets of’cne type end also the com-
paratim ~igh.t;ness of’ cmar,terpurxha”dflush-riveted joints .
assenib?.adWith t.he.sainet~c9 of rivet. Thirty-six
spec.~.ers,prepared by an ai.rplanomanufacturer,were
tested in the pre3ent investigation.
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SPECIMENS

2

Machine countepsllnk,- Each machine-countersunk
specimen consisted of’two sheets of *S-T aluminum alloy
assembled in the form of a lap joint with two aluminum-

Thd 1 inch.di.ameterahoy rlvetbj ailbhoti In ilgl&6 i.
r

rivets were of A17S-!J’and the #-inch-diameter rivets, of

17S-T aluminum alloy.
4

The particular commercial flush-riveting procedure
used corresponds to riveting method C of references 1 and
2. The rivet hole iq the upper sheet was machlne-
countersunk for a 780 countersunk-head rlvet~ as shown In
figure 2(a). mill sizes and angle of countersink were
not specified by tbs manufacturer. A 780 countersunk-
head rivet was inserted in tilerivet hole, and the manu-
factured head was driven with a vibrating gun while the
shank end was bucked wltina bar.

%e NACA flush-riveting procedure Is riveting
method E of references 1 and 2. The NACA procedure
involved the same preparat~on of the rivet hole as the-1
commercial procedure, but a &inch-diameter round-head..

.
(AN]+30)rivet or a ~:nch-diameter brazier-head (A~56) “

4
rivet was Inserted from the back of the joint, and the
manufactured head was driven with a vibrating gun while
the shank end was bucked into the countersunk hole with
a bar, as shown In figure 2(b). The portion of the
formed head that protruded abova the skin surface was
removed with a flush-rivet milling tool similar to the
one described in reference 4..

. Counterpunched.- The counterpunched specimens were
of the same form as the machine-countersunk specimens,
except for preparation of the rivet holes. The lower
sheets were machine-countersunk and the upper sheets
were counterpunched Into the lower sheets as shown in
figure 3.

Remarks.- In only one of the nine ~inch-diameter
4

rivet speoimens assembled with either machine-countersunk
or counterpumched NACA flush rivets were the rivets
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driven sufficiently to fill the”ooutitersunkhole com-
-- ., .pletely,. Figure ~ shows the gaps around the Incompletely

driven heads of four representative

..
T?UYTPROCEDURE

. .

specimens. ‘--

Load was applied to the.specimens through Templln
grips with a hydraulic testing machine accurate to within
one-half of 1 percent. Displacements of one sheet
relative to the other were measured on the edges of the “
sheets at the rivet line by means of two 18-power optioal
micrometers. Both the displacement under load and the
permanent displacement remainfng after removal of load
were measured for successively increasing loads until
failure occurred.

RXJULTS AND CONCLUSIONS -

Typical specfmens after fail-me are shown h
figure 5. All the machine-countersunk specimens failed
by shaar of the rivets. The counterpunched specimens
failed either by tension failure of the upper sheet
across the rivet line or by shear of the rivets, exoept

f%r the ~-inch-diameter ~ACA counterpunohed rivet specl-
4

mens, whloh failed by tension of the rivets. The manu-
factured brazier heads of’the rivets sheared parallel to
the axes of the rivets, probably because of the tensile
load Imposed on the rivets by the tendency of the dimple
in the upper sheet to ride up the side of the countersunk
hole in the lower sheet.

The results of the tests are presented in figures 6
to 9 as curves of load plotted against displacement
under load and curves of load plotted against permanent
displacement after removal of’load. The specimen nm-
bers on the curves are given in order to permit proper
association of the curves of displacement under load with
the c~ves of’permahent displacement. Flwm these ourves ‘
the following conclusions may be drawn concerning the
NACA flush rivets and the commercial flush rivets of the
type tested In the investlgatlon:

.— —.- —- — —
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1. When a machine-countersunk 0.040- or O.051-inoh-
thick sheet of 2&T aluminum alloy was”rlveted to.a

0.1~5-lneh~thick ~hee~ w~th 1 inch-diameter rivets of ““
r

A17S-T aluminum alloy, there appeared to be, within the
normal scatter of data,.no difference bet”%eenthe maximum
strength or the tightness of the joints as shown by the
load=dlsplacemeat curve for HACA and commercial flush
rivets. (See ftg. 6. ) When a machine-countersunk
0.081- or 0.091-inch-tihicksheet was riveted to a
0.125-inoh-thiclcshest with ~lnch-diameter rivets of ‘-

~. .
17S-T aluminum alloy, the strength and tightness of the
joints were somewhat better for the NACA rivets than f’or
the commercial rivets. (See fig. 7.)

2. %’hena counterpunched O.@O-inch-t”nick sheet was

riveted to a 0.125-inch-thick sheet with &inch-diameter

rivets of A1”{S-Taluminum alloy, the average maximum
strength was higher and the avera~e tightness was better,
for the NACA rivets than for the commercial rivets,
although one NACA flush-rivet specimen failed at a con-
siderably lower load than the other.NACA rivet specimens “
in the group. (See fig. 8.) When a counterpunched .
0.081-inch-thick sheet was riveted to a O.125-inch-thick

sheet with.~inch-dfameter rivets of 17S-T aluminum “
4

alioy, the YACA rivets were slightly stronger and tighter
at higher loads tb-anthe commercial rivets. (See fig. 9:)

39 Both the commercial and the NACA counterpunched ~
flush-rivet specimens had hl~her ultimate loads than the
machine-countersunk specimens of corresponding sheet .
thickness - approximately 60 percent higher for the

1 inch-diameter rivet specimens and 38 percent higher
r-

for the 1 inch-diameter rivet ”specimens-.
r . .

.

Lan@ey-~emorfal Aeronautical Laboratory, .
Yatlonal Advisory Committee for Aeronautics,”

L!mgley Fteld, Va. ~ . .
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Figure 4.- Specimensassembled by the NACA flush-rivetingprocedureswith

~-inch-diameter rivets showing ~nsufficient drivhg.
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NACA “ Fig. 5
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(a)

(b).

(cl

(d)

Specimen with NACA machine-countersunk rivets showing
shear failure of rivets.

Specimen with commercial counterpunched rivets showing
tension failure of sheet.

Specimen with commercial counterpunched rivets showing
s-hear failure of rivets.

Specimen with NAC!.I counternunched rivets showing tension
failure of rivets (shear-failure of manufactu~ed
brazier heads).

Figure 5.- Typical~ -inch-diameter rivet specimens after
failure.
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NACA Fig. 6
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